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(54) Electronic material, its manufacturing method, ferroelectric capacitator, and non-volatile

memory

(57) ltis intended to provide an electronic material
which permits not only PZT but also SBT requiring high-
temperature annealing to be used as the material of a
dielectric film of a dielectric capacitor in vertical align-
ment with a transistor so as to connect the lower elec-
trode of the dielectric capacitor to a diffusion layer of the
transistor with a Si or W plug; its manufacturing method;
and a ferroelectric capacitor and nonvolatile memory.
There is also provided a semiconductor device permit-
ting greater freedom in selecting the process tempera-
ture and time in a later step subsequent to formation of
the plug. Used as the material of the lower electrode of
the dielectric capacitor is a material expressed by the
composition  formula  Pda(Rhygg.x.y-2PixlryRuz)u0c
(where a, b, ¢, x, y and z are composition ratios in
atomic %) in which the composition ratios satisfy
70>a>20, 40>b>10, 60>c>15, a+b+c=100, 100>x>0,
100>y=0, 100>z>0 and 100>x+y+z>0 . This material is
also used as the material of a diffusion preventing layer
interposed between the diffusion layer of the semicon-
ductor device and the overlying plug.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to an electronic material, its
manufacturing method, dielectric capacitor, non-volatile
memory and semiconductor device.

Description of the Related Art

Ferroelectric memory is non-volatile memory per-
mitting high-speed rewriting utilizing high-speed polari-
zation inversion and residual polarization of a
ferroelectric film. An example of conventional ferroelec-
tric memory is shown in Fig. 1.

As shown in Fig. 1, in the conventional ferroelectric
memory, a field insulating film 102 is selectively formed
on the surface of a p-type Si substrate 101 to separate
devices. A gate insulating film 103 is formed on the sur-
face of an active region surrounded by the field insulat-
ing film 102. Reference symbol WL denotes a word line.
An n*-type source region 104 and an n*-type drain
region 104 are formed in a p-type Si substrate 101 at
opposite sides of the word line WL. The word line WL,
source region 104 and drain region 105 form a transis-
tor Q.

Numeral 106 denotes an inter-layer insulating film.
Films are stacked sequentially on the inter-layer insulat-
ing film 106 above the field insulating film 102 via a Ti
film 107, 30 nm thick, for example, as a bonding layer,
which are, namely, a Pt film 108 with a thickness about
200 nm as the lower electrode, a ferroelectric film 109
made of Pb(Zr, Ti)O3(PZT) or SrBisTasOg(SBT) with a
thickness about 200 nm, and a Pt film 110 with a thick-
ness about 200 nm as the upper electrode. The Pt film
108, ferroelectric film 109 and Pt film 110 form a capac-
itor C. The transistor Q and the capacitor C form a mem-
ory cell.

Numeral 111 denotes an inter-layer insulating film.
A contact hole 112 is made to pass through the inter-
layer insulating film 106 and the inter-layer insulating
film 111 above the source region 104. Another contact
hole 113 is made to pass through the inter-layer insulat-
ing film 111 above one end portion of the Pt film 108.
Another contact hole 114 is made to extend through the
inter-layer insulating film 111 above the Pt film 110. The
source region 104 and the lower electrode of the capac-
itor C, namely, Pt film 108, are connected by a wiring
line 115 through the contact holes 112 and 113. A wir-
ing line 116 is connected to the upper electrode of the
capacitor C, namely, Pt film 110 through the contact
hole 114. Numeral 117 denotes a passivation film.

In the conventional ferroelectric memory shown in
Fig. 1, the transistor Q and the capacitor C are arranged
in a horizontal direction (in parallel to the substrate sur-
face). However, in order to increase the information
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recording density of the ferroelectric memory, it is nec-
essary to arrange the transistor Q and the capacitor C in
a vertical direction (normal to the substrate surface).
Fig. 2 shows an example employing such a vertical
arrangement. In Fig. 2, elements identical to those of
Fig. 1 are labelled with common numerals.

In Fig. 2, numerals WL1 through WL4 denote word
lines, and 118 denotes an inter-layer insulating film. A
contact hole 119 is made to pass through the inter-layer
insulating film 118 above the drain region 105, and a bit
line BL is connected to the drain region 105 of the tran-
sistor Q through the contact hole 119. Numerals 120
and 121 denote inter-layer insulating films. Another con-
tact hole 122 is made through the inter-layer insulating
film 121 above the source region 104, and a poly-crys-
talline Si plug 123 is embedded in the contact hole 122.
The source region 104 of the transistor Q and the Pt film
108 used as the lower electrode of the capacitor C are
electrically connected by the poly-crystalline Si plug
123.

To form the ferroelectric film 109, it is usually neces-
sary to anneal it in an oxygen atmosphere at a high tem-
perature about 600 to 800°C for its crystallization. There
occurs the problem that Si in the poly-crystalline Si plug
123 thermally diffuses into the Pt film 108 as the lower
electrode of the capacitor C, which results in Si being
oxidized along the surface of the Pt film 108 to make it
electrically non-conductive or low-conductive, and in Si
diffusing further into the ferroelectric film 109 to signifi-
cantly deteriorate the characteristics of the capacitor C.

A report states that, when the material of the ferro-
electric film 109 is PZT whose calcination temperature
is around 600°C, a nitride compound film, such as TiN,
can be used as a layer for preventing diffusion of Si
(Extended Abstracts of Spring Meeting, 1995 of The
Japan Society of Applied Physics, 30p-D-20, 30p-D-10).
However, considering that a nitride compound film is
oxidized and loses the electric conductivity when
annealed in an oxygen atmosphere at a high tempera-
ture, if a higher temperature is applied during annealing
by introducing sufficient oxygen into the annealing
atmosphere for the purpose of improving the ferroelec-
tric characteristics of the ferroelectric film 109, then it
causes surface coarseness by oxidization or an
increase in electric resistance.

On the other hand, when SBT, believed to be more
excellent in fatigue characteristics than PZT, is used as
the material of the ferroelectric film 109, the annealing
temperature for obtaining acceptable ferroelectric char-
acteristics is as higher as 800°C than PZT. Therefore,
when SBT is used as the material of the ferroelectric
film 109, the diffusion preventing layer made of the
nitride compound mentioned above has an insufficient
heat resistivity, and cannot be used.

Heretofore, no capacitor structure of a stacked type
using SBT as the material of the ferroelectric film 109
has been reported, and it has been believed difficult to
realize high-integrated non-volatile memory using such
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capacitors.

Additionally, the above-indicated problems may
occur also when a W plug is used instead of poly-crys-
talline Si plug.

On the other hand, there is a ultra-high integrated
semiconductor integrated circuit device having a muilti-
layered wiring structure whose minimum patterning size
is 0.50 to 0.35 um as shown in Fig. 3 (for example,
Nikkei Microdevice, 1994 July, pp. 50-57 and Nikkei
Microdevice, 1995 September, pp. 70-77).

As shown in Fig. 3, this conventional semiconductor
integrated circuit device has formed p-wells 202 and n-
wells 203 in an n-type Si substrate 201. The n-type Si
substrate 201 has a recess 204 in the region to be used
as the device separating region along its surface, and a
field insulating film 205 made of SiO, is embedded in
the recess 204. Along the surface of the active region
surrounded by the field insulating film 205, a gate insu-
lating film 206 made of SiO, is formed. Numeral 207
denotes a poly-crystalline Si film, and 208 denotes a
metal silicide film such as WSi, film. These poly-crystal-
line Si film 207 and metal silicide film 208 form a poly-
cide-structured gate electrode. Formed on side walls of
these poly-crystalline Si film 207 and metal silicide film
208 is a side wall spacer 209 made of SiO.. In each n-
well 203, p*-type diffusion layers 210 and 211 used as
the source region or drain region are formed in self
alignment with the gate electrode composed of the poly-
crystalline Si film 207 and the metal silicide film 208.
These gate electrode and diffusion layers 210, 211 form
a p-channel MOS ftransistor. Similarly, an n-channel
MOS transistor is formed in each p-well 202. Numerals
212 and 213 denote n*-type diffusion layers used as the
source region or drain region of the n-channel MOS
transistor.

An inter-layer insulating film 214 is formed to cover
the p-channel MOS transistor and the n-channel MOS
transistor. The inter-layer insulating film 214 has formed
via holes 215 and 216 at the portion aligned with the dif-
fusion layer 211 of the p-channel MOS transistor and
the portion aligned with the gate electrode on the field
insulating film 205. W plugs 219 are embedded in the
via holes 215 and 216 via Tifilms 217 and TiN films 218.

An Al-Cu alloy wiring 222 overlie the via holes 215,
216 via a Tifilm 220 and a TiN film 221, and a TiN film
223 is formed on the Al-Cu alloy wiring 222. Numeral
224 denotes an inter-layer insulating film. The inter-
layer insulating film 224 has formed via holes 225, 226
in locations above the Al-Cu alloy wiring 222. Embed-
ded in the via holes 225, 226 are W plugs 229 via a Ti
film 227 and a TiN film 228.

An Al-Cu alloy wiring 232 overlies the via holes 225,
226 via a Ti film 230 and a TiN film 231, and a TiN film
233 is formed thereon.

In the semiconductor integrated circuit device
shown in Fig. 3, the TiN film 217 (typically 5 to 50 nm
thick) formed on the diffusion layer 211 in the location
for the via hole 215 is used mainly for good electric con-
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nection of the W plug 219 with the diffusion layer 211
and for improvement of its adhesivity to the underlying
layer, because, since the surface of the diffusion layer
211 is chemically active, and when it is exposed to
moisture or atmospheric air, a thin SiO, film about 0.5 to
5 nm is formed along the surface in a very short time
(presumably less than two to three minutes), and
degrades the electric connection and the adhesivity to
the diffusion layer 211. In contrast, when the Ti film 217
is formed on the diffusion layer 211, the Ti fiim 217
chemical reacts on the SiO, film on the surface of the
diffusion layer 211, and results in improving the electric
connection and the mechanical adhesivity.

However, when the W plug 219 (typically 50 to 700
nm thick) is formed on the diffusion layer 211 via the TiN
film 217, chemical reaction occurs between Si in the dif-
fusion layer 211 and the W plug 219 to form WSi, during
annealing for making the W plug 219 (typically at 300 to
500°C) or later annealing (typically at 350 to 450°C). As
a result, transportation of substance occurs (mainly, Si
moves from the diffusion layer 211 into the W plug 219),
and makes a gap between the diffusion layer 211 and
the W plug 219, which causes insufficient electric con-
nection there. On account of this problem, in order to
prevent chemical reaction between the diffusion layer
211 and the W plug 219, the TiN film 218 (typically 5 to
50 nm thick) is inserted between the Ti film 217 and the
W plug 219. Therefore, the TiN film 218 is called a bar-
rier metal. In addition to the TiN film, also a TiON film is
an example of the barrier metal.

The TiN film 220 formed on the W plug 219 is used
for good electric connection and mechanical connection
between the W plug 219 and the Al-Cu alloy wiring 222.
The TiN film 221 on the Ti film 220 is used for reducing
transportation of substances between the W plug 219
and the Al-Cu alloy wiring 222 and their chemical reac-
tion. This is so for the Ti film 230 and the TiN film 231
formed on the W plugs 229 at locations of the via holes
225, 226.

However, upon manufacturing the semiconductor
integrated circuit device mentioned above, if the W plug
219 is formed via the TiN film 217 and the TiN film 218,
the maximum processing temperature in later steps is
limited below the heat-resistant temperature of the TiN
film 218. Since the heat resistant temperature of the TiN
film 218 is as low as 500°C (when made by sputtering)
to 650°C (when made by CVD), there is little room for
choice regarding a process temperature and time. This
problem occurs also when a Si plug or Al plug is used in
lieu of the W plug 219.

As reviewed above, it has been difficult to use SBT
requiring high-temperature annealing as the material of
the ferroelectric film 109 of the capacitor C in a device,
such as the conventional ferroelectric memory shown in
Fig. 2, using vertical arrangement of the transistor Q
and the capacitor C and connecting the lower electrode
of the capacitor C, namely the Pt film 108, to the source
region 104 of the transistor Q by the poly-crystalline Si
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plug 123 or W plug.

Additionally, in the conventional semiconductor
integrated circuit device shown in Fig. 3, there has been
little room for choice regarding the process temperature
and time in later steps after formation of the W plug 219.

OBJECTS AND SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide
an electronic material suitable for use as a lower elec-
trode of a dielectric capacitor to be connected to a diffu-
sion layer of a transistor by a plug made of Sior Win a
device in which the transistor and the dielectric capaci-
tor are arranged in a vertical arrangement; a manufac-
turing method of the electronic material; a dielectric
capacitor having a lower electrode made of the elec-
tronic material so that not only PZT but also SBT, or the
like, requiring high-temperature annealing can be used
as the material of the dielectric film of the dielectric
capacitor; and non-volatile memory using the dielectric
capagcitor.

Another object of the invention is to provide a sem-
iconductor device permitting ample room for choice
regarding the processing temperature and time after
formation of a plug during fabrication of a semiconduc-
tor device, such as semiconductor integrated circuit
device.

To solve the problems involved in the conventional
technologies, the Inventor made researches and stud-
ies based on a number of experiments that are outlined
below.

The Inventor first remarked Pd as a candidate of the
material of the lower electrode of a dielectric capacitor.
However, lower electrodes made of Pd alone cannot
prevent diffusion of Si, and are liable to peel off from a
Si substrate, for example, due to insufficient adhesivity.
Additionally, when a SBT film, for example, is formed on
the lower electrode made of Pd alone, and then
annealed for crystallization, the surface of the SBT film
becomes rough, presumably because the lower elec-
trode made of Pd is partly oxidized during annealing,
and changes in volume.

The Inventor progressed researches, and has
found that the drawbacks can be removed by using a
Pd-O compound material prepared by introducing oxy-
gen to Pd as the material of the lower electrode. That is,
by making the lower electrode by a Pd-O compound
material, diffusion of Si can be prevented, and the adhe-
sivity to a Si substrate, or the like, can be improved to
prevent peeling-off. Additionally, when a SBT film is
formed on the lower-electrode made of the Pd-O com-
pound material, the surface of the SBT film can be
maintained smooth even after annealing for crystalliza-
tion.

After subsequent studies, however, it has been
found that Pd-O compound materials have a high spe-
cific resistance. Then, further studies were made and
resulted in finding that the drawback of a high resistivity

10

15

20

25

30

35

40

45

50

55

can be removed by using a Pd-Rh-O compound mate-
rial prepared by introducing Rh into the Pd-O compound
material.

Fig. 4 shows changes in resistivity with composition
x in (Pd4p0-xRhy)e0040 (composition in atomic %). It is
known from Fig. 4 that, the Pd-O compound material
(when x=0) has a high resistivity, it can be decreased by
introducing Rh into the Pd-O compound material. In this
case, in order to decrease the resistivity sufficiently, x is
preferably 16% or more (2000 pQcm or less in resistiv-
ity), and 10 atomic % or more in Rh composition in Pd-
Rh-O.

On the other hand, introduction of too much Rh
results in shifting the hysteresis curve of the SBT film,
for example, as shown in Fig. 5. The Inventor measured
hysteresis curves of a dielectric capacitor prepared by
forming a SBT film by sol-gel spin coating on a lower
electrode made of (Pdg0.xRhy)s0Q40 ON a an n*-type Si
substrate whose resistivity is 0.003Qcm, then annealing
it in an oxygen atmosphere at 800°C for one hour for
crystallization, forming a Pt film as the upper electrode
by sputtering, and again annealing it at 800°C, and
reviewed changes in shift amount of residual polariza-
tion of P, with composition x in (Pd{g0.xRhy)s0C40.
namely, changes in difference between P,* and P, that
is, (P,*-P/). Its result is shown in Fig. 6. It is known from
Fig. 6 that, from the view point of ensuring an amply
small shift amount of the residual polarization P,, x is
preferably 66% or less (2uC/cm? or less in P*-P,), and
40 atomic % or less in composition of Rh in Pd-Rh-O.

Fig. 7 shows a result of a review on changes in shift
amount of residual polarization P, that is, (P,*-P,’) with
composition z in (Pd;gRhgg)100.,0, through measure-
ment of hysterisis curves of a dielectric capacitor pre-
pared by forming a SBT film on a lower electrode made
of (Pd7gRhz0)100-,02 on an n*-type Si substrate having
the resistivity of 0.003Q¢cm in the same manner as
explained above, then annealing it, forming a Pt film as
the upper electrode, and again annealing it. It is known
from Fig. 7 that, in this case, from the view point of
ensuring an amply small shift amount of the residual
polarization P,, z is preferably 60 atomic % or less
(2uC/em? or less in P,*-P,’). Maintaining z not more
than 60 atomic % is desirable also from the viewpoint of
amply decreasing the resistivity.

Fig. 8 shows a result of a review on changes in sur-
face roughness R,; max Wwith composition z in
(Pd7oRh30)100-20, by measuring the surface condition
of a SBT film prepared by stacking the SBT film on a
lower electrode made of (Pd;gRhsg)100.,0, on an n*-
type Si substrate having the resistivity of 0.003Qcm in
the same manner as explained above. It is known from
Fig. 8 that, in this case, from the viewpoint of maintain-
ing the surface roughness of the SBT film amply small,
z is preferably 15 atomic % or less (about 4 nm or less
in Ra max)-

Although the above review has been made on Pd-
Rh-O compound materials, equivalent characteristics
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can be obtained also with materials prepared by replac-
ing part of Pd-Rh-O compound materials with one of
more noble metal elements Pt, Ir and Ru.

The present invention has been made on the basis
of the above-mentioned knowledge of the Inventor
obtained through various experiments.

That is, according to a first invention, there is pro-
vided an electronic material expressed by the composi-
tion formula Pd,(Rhygo.x.y-.PtyIryRu,)O. (where a, b, ¢,
X, y and z are composition ratios in atomic %) in which
the composition ratios satisfy 70>a>20, 40>b>10,
60>c>15, a+b+c=100, 100>x>0, 100>y>0, 100>z>0,
and 100>x+y+z>0 .

According to a second invention, there is provided
an electronic material expressed by the composition for-
mula Pd,Rh,O. (where a, b and ¢ are composition
ratios in atomic %) in which the composition ratios sat-
isfy 70>a>20, 40>b>10, 60>c>15 and a+b+c=100).

According to a third invention, there is provided a
method for manufacturing an electronic material
expressed by the composition formula Pd, (Rhyg.y.y-
2PtylryRu,),O, (where a, b, ¢, x, y and z are composition
ratios in atomic %) in which the composition ratios sat-
isfy 70>a>20, 40>b>10, 60>c>15, a+b+c=100,
100>x>0, 100>y>0, 100>z>0, and 100>x+y+z>0 , com-
prising the step of:

forming a film of the electronic material by reactive
sputtering using oxygen or water vapor.

According to the fourth invention, there is provided
a dielectric capacitor comprising:

a lower electrode made of a material expressed by
the composition formula Pd, (Rhigg.x.y--Pylr-
yRU)LO; (where a, b, ¢, x, y and z are composition
ratios in atomic %) in which the composition ratios
satisfy 70>a>20, 40>b>10, 60>¢>15, a+b+c=100,
100>x>0, 100>y>0, 100>z>0, and 100>x+y+z>0;
a dielectric film on the lower electrode; and

an upper electrode on the dielectric film.

According to a fifth invention, there is provided a
non-volatile memory including a transistor and a dielec-
tric capacitor, the dielectric capacitor comprising:

a lower electrode made of a material expressed by
the composition formula Pda(Rhygo.x.yz Plylr-
yRU)LO; (where a, b, ¢, x, y and z are composition
ratios in atomic %) in which the composition ratios
satisfy 70>a>20, 40>b>10, 60>¢>15, a+b+c=100,
100>x>0, 100>y>0, 100>z>0, and 100>x+y+z>0;
a dielectric film on the lower electrode; and

an upper electrode on the dielectric film.

According to a sixth invention, there is provided a
semiconductor device including a first conductive layer
and a second conductive layer on the first conductive
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layer, comprising:

a diffusion preventing layer interposed between the
first conductive layer and the second conductive
layer and made of a material expressed by the com-
position  formula  Pdg(Rhygg.x.y.zPtyIryRu;)p0;
(where a, b, ¢, x, y and z are composition ratios in
atomic %) in which the composition ratios satisfy
70>a>20, 40>b>10, 60>¢>15, a+b+c=100,
100>x>0, 100>y>0, 100>z>0, and 100>x+y+z>0.

In the present invention, the composition ratio of the
material expressed by Pda(Rh1gg.x.y-z PixlryRu,),O, are
in the range substantially same as the hatched region in
Fig. 9.

[0043]

In the present invention, the composition ratios of
the material expressed by Pd,(Rhygg.y.y., PylryRu,)p0c
preferably satisfy 60>a>30, 30>b>15, 50>c>30, and
a+b+¢=100.

In the fourth and fifth inventions, typically used as
the material of the dielectric material is a Bi layer-struc-
tured perovskite-type ferroelectric material, namely, a
ferroelectric material in which at least 85% is occupied
by a crystal layer expressed by the composition formula
Bi,(Sr, Ca, Ba)y(Ta, Nb);O, (where 2.50>x>1.70,
1.20>y>0.60, z=9+d and 1.0>d>0) (a slight amount of
Bi and Ta, or Nb oxide or composite oxide may be con-
tained), and a ferroelectric material in which at least
85% is occupied by a crystal layer expressed by the
composition formula Bi,Sr, Ta;O, (where 2.50>x>1.70,
1.20>y>0.60, z=9+d and 1.0>d>0) (a slight amount of
Bi and Ta, or Nb oxide or composite oxide may be con-
tained). The latter is represented by SrBi;Ta,Og. Also
usable as the material of the dielectric film is a ferroelec-
tric material expressed by Pb(Zr, Ti)O3. These ferroe-
lectric materials are suitable for use as the material of a
ferroelectric film of ferroelectric memory. Also usable as
the material of the dielectric film is a high dielectric
material expressed by (Ba, Sr)TiO3(BST), and this is
suitable as the material of a dielectric film of a capacitor
in DRAM, for example.

In the nonvolatile memory according to the fifth
invention, when the transistor and the dielectric capaci-
tor are located in vertical alignment for higher integra-
tion, the lower electrode is typically formed on the Si or
W plug on the diffusion layer of the transistor.

According to the first and second inventions having
the above-described constructions, an electronic mate-
rial suitable for use as the material of the lower elec-
trode or a diffusion preventing layer of a dielectric
capacitor can be provided.

According to the third invention having the above-
described construction, a high-quality electronic mate-
rial suitable for use as the material of the lower elec-
trode or a diffusion preventing layer of a dielectric
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capacitor can be manufactured easily.

According to the fourth and fifth inventions having
the above-described constructions, the material
expressed by the composition formula Pda(Rh1go.x.y-2
PtylryRu,),O, to form the lower electrode of the dielec-
tric capacitor has a much higher heat resistance than
TiN, or the like, and can prevent diffusion of Si, etc. even
under a high temperature. Therefore, in a structure
using vertical alignment of a transistor and a dielectric
capacitor so as to connect the lower electrode of the
dielectric capacitor to a diffusion layer of the transistor
with a Si or W plug, it can prevent diffusion of Si or W
from the plug into the lower electrode even when the
structure is annealed at a high temperature in an oxy-
gen atmosphere for crystallization of a dielectric film. As
a result, it overcomes the problems that Si or W diffus-
ing and oxidized along the upper surface of the lower
electrode degrades the electric conductivity, and that Si
or W further diffuses into the dielectric film and thereby
deteriorates the capacitor characteristics.

According to the sixth invention having the above-
described construction, the material expressed by the
composition formula Pda(Rh1go.x.y-zPixlryRuz)pO¢ to
form the diffusion preventing layer interposed between
the first conductive layer and the second conductive
layer has a much higher heat resistance than TiN, or the
like, and can prevent diffusion of Si, etc. even under a
high temperature.

The above, and other, objects, features and advan-
tage of the present invention will become readily appar-
ent from the following detailed description thereof which
is to be read in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of conventional fer-
roelectric memory using horizontal alignment of a
transistor and a capacitor;

Fig. 2 is a cross-sectional view of conventional fer-
roelectric memory using vertical alignment of a
transistor and a capacitor;

Fig. 3 is a cross sectional view of a conventional
semiconductor integrated circuit device;

Fig. 4 is a schematic diagram showing a result of
measurement of changes in resistivity with compo-
sition x in (Pd100-XRhX)60040;

Fig. 5 is a schematic diagram showing a result of
measurement of the amount of accumulated
charge in a dielectric capacitor using a lower elec-
trode made of (Pdg.xRh,)e0040;

Fig. 6 is a schematic diagram showing a result of
review of changes in shift amount of residual polar-
ization P, with composition x in (Pdgg.xRhy)s0040;
Fig. 7 is a schematic diagram showing a result of
review of changes in shift amount of residual polar-
ization P, with composition z in (Pd;gRh30)100..05;
Fig. 8 is a schematic diagram showing a result of
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review of changes in surface roughness of a SBT
film with composition z in (PdzgRh30)100-20;;

Fig. 9 is a schematic diagram showing the range of
composition of (Phygg.x.y-zPtxlryRuz),O; or PdaRh-
boc;

Fig. 10 is a cross-sectional view of a dielectric
capacitor according to the first embodiment of the
invention;

Fig. 11 is a schematic diagram showing a result of
measurement of the amount of accumulated
charge in the dielectric capacitor according to the
first embodiment; and

Fig. 12 is a cross-sectional view of a semiconductor
integrated circuit device according to the second
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Explained below are embodiments of the invention
with reference to the drawings.

Fig. 10 shows a dielectric capacitor taken as a first
embodiment of the invention. As shown in Fig. 10, the
dielectric capacitor according to the first embodiment
includes a Pd,Rh,O, film 2 as its lower electrode, SBT
film 3 as a ferroelectric film and a Pt film 4 as its upper
electrode stacked in this sequence on a conductive Si
substrate 1. Each of the Pd,Rh,O, film 2, SBT film 3
and Ptfilm 4 has a thickness of about 200 nm, for exam-
ple. Composition of the Pd Rh,O; film 2 is chosen to
satisfy 70>a>20, 40>b>10, 60>c>15, and a+b+c=100,
that is, to enter in the hatched region in Fig. 9.

Next explained is a method for manufacturing the
dielectric capacitor according to the first embodiment
having the above construction.

To fabricate the dielectric capacitor according to the
first embodiment, a si substrate 1 is processed by
diluted hydrofluoric acid to remove a SiO, fim (not
shown) from its surface, and a Pd,Rh,O. fim 2 is
formed on the Si substrate 1 by reactive sputtering. The
Pd,Rh,O, film 2 is used as the lower electrode. Exem-
plary conditions for forming the Pd,Rh,O, film 2 are
using a DC magnetron sputtering apparatus, using as
the target a Pd target with the diameter of 100mm on
which eight Rh chips sized 10mmx10mm are put, using
as the sputtering gas a mixed gas of Ar and O, the flow
rate being 23 SCCM and 7 SCCM, respecitively, total
pressure being 1.5 mTorr, applied power being DC 0.4
A, 550 V, and the film making speed being 200 nm/13
minutes. Composition of the Pd,Rh, O, film 2 thus made
was proved to be Pd,sRh 50,4 (composition in atomic
%) through analysis by EPMA.

Next formed is a SBT film 3 on the Pd,Rh,O, film 2
by, for example, sol-gel spin coating. After that, the
product is annealed at 800°C for one hour in an oxygen
atmosphere for crystallization of the SBT film 6, and a Pt
film 4 is formed thereon by sputtering using a metal
mask, for example. The Pt film 4 is used as the upper
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electrode. After that, the product is again annealed at
800°C for one hour in an oxygen atmosphere.

Fig. 11 shows a result of measurement of the
amount of accumulated charge by applying a voltage
between the Si substrate 1 and the Pt electrode 4 in the
dielectric capacitor fabricated in the above-explained
process. As shown in Fig. 11, that the value of residual
polarization, an important factor of the ferroelectric
memory, was 2P,=20pC/cm2. The residual polarization
value is a satisfactory value as SBT, and this was
obtained by measurement through the Si substrate 1.

On the other hand, for comparison purposes, simi-
lar measurement was made on the amount of electric
charge for another prepared sample using a multi-lay-
ered film stacking a Ti film and a TiN film instead of the
Pd,Rh,O, film 2 in Fig. 10. However, no polarization
characteristics of the ferroelectric material was
observed, and the sample did not work as a capacitor.
Presumably, Si from the Si substrate 1 diffused, pene-
trating the multi-layered film from the Si substrate 1.

According to the first embodiment explained above,
since the lower electrode is made of Pd,Rh,O, film 2
having the composition within the range shown by the
hatched portion in Fig. 9, Si of the Si substrate 1 can be
prevented from thermally diffusing into the lower elec-
trode even when the product is annealed at a high tem-
perature around 800°C in an oxygen atmosphere for
crystallization of the SBT film 3, and it is prevented that
the lower electrode loses the electric conductivity due to
oxidation of Si along its upper surface. As a result, the
dielectric capacitor can be used in a ferroelectric mem-
ory in which transistors and dielectric capacitors are
arranged vertically so as to connect lower electrodes of
the dielectric capacitors to diffusion layers of the transis-
tors by poly-crystalline Si plugs, and therefore can use
SBT films as dielectric films of the dielectric capacitors
to realize high-integrated ferroelectric memory.

Fig. 12 shows a semiconductor integrated circuit
device with a multi-layered wiring structure taken as a
second embodiment of the invention.

As shown in Fig. 12, the semiconductor integrated
circuit device according to the second embodiment has
formed p-wells 12 and n-wells 13 in an n-type Si sub-
strate 11. Recesses 14 are selectively formed in loca-
tions for device separating regions along the surface of
the n-type Si substrate 11, and a field insulating film 15
made of SiO, is embedded in the recesses 14. A gate
insulating film 16 made of SiO5 is formed on the surface
of the active region encircled by the field insulating film
15. Numeral 17 denotes an impurity-doped poly-crystal-
line Si film, and 18 denotes a metal silicide film such as
WSi, film. These poly-crystalline Si film 17 and metal
silicide film 18 form a polycide-structured gate elec-
trode. A side wall spacer 19 made of SiO, is formed on
side walls of the poly-crystalline Si film 17 and the metal
silicide film 18. In the n-wells 13, p*-type diffusion layers
20, 21 to be used as the source region or drain region
are formed in self-alignment with the gate electrode
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made of the poly-crystalline Si film 17 and the metal sil-
icide film 18. The gate electrode and the diffusion layers
20, 21 form a p-channel MOS transistor. Similarly, an n-
channel MOS transistor is formed in each p-well 12.
Numerals 22 and 23 denote n*-type diffusion layers to
be used as the source region or drain region of the n-
channel MOS transistor.

An inter-layer insulating film 24, such as boro-phos-
pho silicate glass (BPSG) film, is formed to cover the p-
channel MOS ftransistor and the n-channel MOS tran-
sistor. The inter-layer insulating film 24 has formed via
holes 25 and 26 in locations above the diffusion layer 21
of the p-channel MOS transistor and the gate electrode
of the field insulating film 15. W pulgs 28 are embedded
in the via holes 25 and 26 via a Pd,Rh, O, film 27.

An Al-Cu alloy wiring 31 overlies the via holes 25,
26 via a Pd,Rh,O, film 29 and a Ti film 30, and a Ti film
32 and a Pd Rh,O, film 33 are stacked thereon in
sequence. Numeral 34 denotes an inter-layer insulating
film, such as BPSG film. The inter-layer insulating film
34 has formed via holes 35 and 36 in locations above
the Al-Cu alloy wiring 31. W plugs 38 are embedded in
the via holes 35, 36 via a Pd,Rh,O, film 37.

Further formed on the via holes 35, 36 are an Al-Cu
alloy wiring 41 via a Pd,Rh,O, film 39 and a Ti film 40,
and a Ti film 42 and a Pd,Rh,O, fim 43 are formed
thereon in sequence.

Composition of the Pd,Rh,O, films 27, 29, 33, 37,
39 and 43 are chosen in the range shown by the
hatched region in Fig. 9. The Ti films 30, 32 formed on
and under the Al-Cu alloy wiring 31 are used to improve
the adhesivity of the Pd,Rh, O, films 29, 33 to the Al-Cu
wiring 31. So is it also for the Pd,Rh,O; films 39, 43 on
and under the Al-Cu alloy wiring 41.

According to the second embodiment, since W
plugs 28 are formed in the via holes 25, 26 via the
Pd,Rh,O, film 27 with a sufficiently higher heat resist-
ance than TiN and TiNO films conventionally used as a
barrier metal and therefore preventing diffusion of Si
even under a high temperature, restriction on the
processing temperature in steps subsequent to forma-
tion of the W plug 28 is alleviated than conventional
technologies, and more freedom is allowed for choice of
the process temperature and time in later steps. Addi-
tionally, since the Pd,Rh,O, film 29 is formed between
the W plug 28 and the overlying Al-Cu alloy wiring 31,
and the Pd,Rh,O, film 33 is formed between the Al-Cu
alloy wiring 31 and the overlying W plug 38, diffusion
between the W plugs 28, 38 and the Al-Cu alloy wiring
31 can be prevented. Similarly, the Pd,Rh,O, film 39
formed between the W plug 38 and the overlying Al-Cu
alloy wiring 41 prevents diffusion between them.

The semiconductor integrated circuit device
according to the second embodiment is suitable for
applications to various semiconductor integrated circuit
devices, such as DRAM and MPU.

Having described specific preferred embodiments
of the present invention with reference to the accompa-
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nying drawings, it is to be understood that the invention
is not limited to those precise embodiments, and that
various changes and modifications may be effected
therein by one skilled in the art without departing from
the scope or the spirit of the invention as defined in the
appended claims.

For example, the first embodiment has been
explained as using SBT as the material of the dielectric
film of the dielectric capacitor; however, any appropriate
other ferroelectric or high dielectric material can be
used to form the dielectric material. Namely, PZT or
BST may be used.

The second embodiment has been explained as
interposing the Ti films 30 and 32 between the Al-Cu
alloy wiring 31 and the Pd, Rh,O, films 29, 33, respec-
tively, and interposing the Ti films 40 and 42 between
the Al-Cu alloy wiring 41 and the Pd,Rh,O; films 39, 43,
respectively. However, these Ti films 30, 32, 40, 42 may
be omitted where appropriate.

As described above, according to the first and sec-
ond aspects of the invention, an electronic material suit-
able for use as the material of the lower electrode or
diffusion preventing layers of a dielectric capacitor can
be provided.

According to the third aspect of the invention, a
high-quality electronic material suitable for use as the
material of the lower electrode or diffusion preventing
layers of a dielectric capacitor can be manufactured
easily.

According to the fourth and fifth aspects of the
invention, in a structure arranging a transistor and a die-
lectric capacitor in a vertical alignment so as to connect
the lower electrode of the dielectric capacitor to the dif-
fusion layer of the transistor by a Si or W plug, diffusion
of Si or W from the plug into the lower electrode can be
prevented, which results in enabling the use of not only
PZT but also SBT, which requires high-temperature
annealing, as the material of the dielectric capacitor.

According to the six aspect of the invention, more
freedom is allowed for choice of the processing temper-
ature and time in a process after formation of the plug.

Claims

1. An electronic material expressed by the composi-
tion formula Pd,(Rh1go-x.y-zPtxIryRuz)pO, (Where a,
b, ¢, x, y and z are composition ratios in atomic %)
in which the composition ratios satisfy 70>a>20,
40>b>10, 60>c>15, a+b+c=100, 100>x>0,
100>y>0, 100>z>0, and 100>x+y+z>0.

2. The electronic material according to claim 1
wherein which the composition ratios satisfy
60>a>30, 30>b>15, 50>¢>30 and a+b+c=100 .

3. An electronic material expressed by the composi-
tion formula Pd,Rh,O, (where a, b and ¢ are com-
position ratios in atomic %) in which the
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10.

11.

composition ratios satisfy 70>a>20, 40>b>10,
60>c>15 and a+b+¢=100 .

The electronic material according to claim 3
wherein the composition ratios satisfy 60>a>30,
30>b>15, 50>¢>30 and a+b+c=100.

A method for manufacturing an electronic material
expressed by the composition formula Pd,(Rhqg.x.
y-zPhIryRuz)pO; (where a, b, ¢, x, y and z are com-
position ratios in atomic %) in which the composi-
tion ratios satisfy 70>a>20, 40>b>10, 60>c>15,
a+b+¢c=100, 100>x>0, 100>y>0, 100>z>0, and
100>x+y+z>0, comprising the step of:

forming a film of said electronic material by
reactive sputtering using oxygen or water
vapor.

A dielectric capacitor comprising:

a lower electrode made of a material
expressed by the composition formula
Pda(Rh100-x.y-zPtxIryRuz)pO; (where a, b, ¢, x,
y and z are composition ratios in atomic %) in
which the composition ratios satisfy 70>a>20,
40>b>10, 60>c>15, a+b+c=100, 100>x>0,
100>y=>0, 100>z>0, and 100>x+y+z>0 ;

a dielectric film on said lower electrode; and
an upper electrode on said dielectric film.

The dielectric capacitor according to claim 6
wherein said material expressed by Pda(Rhog.x.y.,
PtyIryRu,),O, satisfy the composition ratios of
60>a>30, 30>b>15, 50>¢>30, and a+b+c=100.

The dielectric capacitor according to claim 6
wherein said lower electrode is made of a material
expressed by the composition formula Pd,Rh,0O,
(where a, b and ¢ are composition ratios in atomic
%) in which the composition ratios satisfy 70>a>20,
40>b>10, 60>¢c>15 and a+b+c=100).

The dielectric capacitor according to claim 6
wherein said lower electrode is formed by reactive
sputtering using oxygen or water vapor.

The dielectric capacitor according to claim 6
wherein said dielectric film is made of a Bi layer-
structured perovskite-type ferroelectric material.

The dielectric capacitor according to claim 6
wherein said dielectric film is made of a ferroelectric
material in which at least 85% is occupied by a
crystal layer expressed by Bi(Sr, Ca, Ba)y(Ta,
Nb),O, (where 2.50>x>1.70, 1.20>y>0.60, z=9+d
and 1.0>d>0).
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The dielectric capacitor according to claim 6
wherein said dielectric film is made of a ferroelectric
material in which at least 85% is occupied by a
crystal layer expressed by Bi,Sr,Ta,O, (where
2.50>x>1.70, 1.20>y>0.60, z=9+d and 1.0>d>0).

The dielectric capacitor according to claim 6
wherein said dielectric film is made of a ferroelectric
material expressed by SrBi>TasOq.

The dielectric capacitor according to claim 6
wherein said dielectric film is made of a ferroelectric
material expressed by Pb(Zr, Ti)O3.

The dielectric capacitor according to claim 6
wherein said dielectric film is made of a high dielec-
tric material expressed by (Ba, Sr)TiOs.

Non-volatile memory including a transistor and a
dielectric capacitor, said dielectric capacitor com-
prising:

a lower electrode made of a material
expressed by the composition formula
Pda(Rh100-x.y-z PxIryRuz)uO; (where a, b, ¢, x,
y and z are composition ratios in atomic %) in
which the composition ratios satisfy 70>a>20,
40>b>10, 60>c>15, a+b+c=100, 100>x>0,
100>y>0, 100>z>0, and 100>x+y+z2>0 ;

a dielectric film on said lower electrode; and
an upper electrode on said dielectric film.

The nonvolatile memory according to claim 16
wherein said material expressed by Pd, (Rhygg.x.y-
2PylryRu,)pO, satisfy the composition ratios of
60>a>30, 30>b>15, 50>¢>30, and a+b+c=100.

The nonvolatile memory according to claim 16
wherein said lower electrode is made of a material
expressed by the composition formula Pd,Rh,O,
(where a, b and ¢ are composition ratios in atomic
%) in which the composition ratios satisfy 70>a>20,
40>b>10, 60>c>15 and a+b+c=100).

The nonvolatile memory according to claim 16
wherein said upper electrode is formed by reactive
sputtering using oxygen or water vapor.

The nonvolatile memory according to claim 16
wherein said dielectric film is made of a Bi layer-
structured perovskite-type ferroelectric material.

The nonvolatile memory according to claim 16
wherein said dielectric film is made of a ferroelectric
material in which at least 85% is occupied by a
crystal layer expressed by Biy(Sr, Ca, Ba)/(Ta,
Nb);O, (where 2.50>x>1.70, 1.20>y>0.60, z=9+d
and 1.0>d>0).
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The nonvolatile memory according to claim 16
wherein said dielectric film is made of a ferroelectric
material in which at least 85% is occupied by a
crystal layer expressed by Bi,Sr,Ta;O, (where
2.50>x>1.70, 1.20>y>0.60, z=9+d and 1.0>d>0).

The nonvolatile memory according to claim 16
wherein said dielectric film is made of a ferroelectric
material expressed by SrBi;TasQOq.

The nonvolatile memory according to claim 16
wherein said dielectric film is made of a ferroelectric
material expressed by Pb(Zr, Ti)Os.

The nonvolatile memory according to claim 16
wherein said dielectric film is made of a high dielec-
tric material expressed by (Ba, Sr)TiOs.

The nonvolatile memory according to claim 16
wherein said lower electrode is formed on a plug
made of Si or W formed on a diffusion layer of said
transistor.

A semiconductor device including a first conductive
layer and a second conductive layer on said first
conductive layer, comprising:

a diffusion preventing layer interposed between
said first conductive layer and said second con-
ductive layer and made of a material expressed
by the composition formula Pdg(Rhygg.x.y-zPlx-
IryFiuZ)bOc (where a, b, ¢, x, y and z are compo-
sition ratios in atomic %) in which the
composition ratios satisfy 70>a>20, 40>b>10,
60>c>15, a+b+¢=100, 100>x>0, 100>y>0,
100>z>0, and 100>x+y+z>0.

The semiconductor device according to claim 27
wherein said diffusion preventing layer is made of a
material expressed by the composition formula
Pd,Rh,O, (where a, b and ¢ are composition ratios
in atomic %) in which the composition ratios satisfy
70>a>20, 40>b>10, 60>c>15 and a+b+c=100.

The semiconductor device according to claim 27
wherein said first conductive layer is a diffusion
layer made of Si, and said second conductive layer
is a plug made of an electrically conductive mate-
rial.

The semiconductor device according to claim 29
wherein said plug is made of Si, W or Al

The semiconductor device according to claim 27
wherein said first conductive layer is a plug made of
an electrically conductive material, and said second
conductive layer is an Al alloy wiring.
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34.
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The semiconductor device according to claim 31
wherein said plug is made of Si, W or Al.

The semiconductor device according to claim 27
wherein said first conductive layer is an Al alloy wir-
ing, and said second conductive layer is a plug
made of an electrically conductive material.

The semiconductor device according to claim 33
wherein said plug is made of Si, W or Al.
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